We report sub-mJ carrier envelope phase (CEP) stable 1.6 cycle pulses at 1.8μm. With those pulses, we have obtained 160eV cut-off in argon at an intensity of 1.4×10 14 W/cm 2 using the process of high harmonic generation.
Introduction
The generation of isolated 80 attosecond laser pulses has almost reached its physical limitation when using established Ti:Sa schemes at 800 nm of the driving field [1] . Further shortening of attosecond pulse duration utilizing high harmonic generation (HHG) can be achieved by using few cycle pulses at longer wavelengths because the HHG cut-off shifts towards higher photon energies proportional to the square of the laser wavelength [2] . Currently, laser system delivering few-cycle pulses in the infrared are not readily available. In this paper, we present (1) a simple and robust experimental approach to generate CEP stable quasi single cycle laser pulses at 1.8 μm and (2) high harmonic generation in argon using those pulses. Figure 1 shows the schematic layout of the experimental setup comprising high energy OPA (upper part) and pulse compression stage (lower part). OPA pumping is carried out by a non CEP stabilized kHz titanium-sapphire (Ti-Sa) amplifier delivering 3.8 mJ, 35 fs pulses at 800 nm center wavelength (KMLabs, Boulder, USA) which is split into four paths, represented as dashed lines with corresponding numbering. Passive CEP stabilization is achieved via difference frequency generation (DFG) of the seeding white light continuum in path 1 (gray line in figure1) carrying the same CEP fluctuations as the split fraction of the pump beam in path 2 [3] . Fig. 1 . Schematic of the pulse compression experimental setup. Ti-Sa laser pulses with 35 fs duration and 3.8 mJ of energy are frequency shifted at 1.8 μm using a white light seeded Optical Parametric Amplifier consisting of three parametric amplification stages. Output energy of 650 μJ and 35 fs pulse duration at 1.8 µm is coupled to a hollow-core fiber and subsequently compressed solely by a FS window to 1.6 optical cycles.
Experimental setup

Results
At the output of the OPA (Light Conversion, Lithuania), after BBO 3, 650 µJ of pulse energy at 1.8 µm was available at a repetition rate of 1 kHz. Pulse intensity duration of 35 fs at full width half maximum has been OSA/ CLEO 2011 CTuT2.pdf © Optical Society of America characterized using SHG-FROG (second harmonic generation -frequency resolved optical gating) [4] . During propagation of the laser pulses in the hollow core fiber (HCF), the duration at the output remains almost unchanged. The broadened spectra extend from 1.15 µm to 2.15 µm and the measured spectral density is shown in figure 2(a) (gray line). An asymmetric shape with a wider extension towards the blue spectral side is observed due to selfsteepening during nonlinear propagation. Flattening the spectral phase with 1.5 mm FS lead to 1.6 cycle laser pulses with 240 µJ pulse energy [5] . Excellent spatial properties were obtained at the output due to the spatial cleaning provided by HCF. Temporal intensity and phase of the 9.5 fs pulse are presented in figure 2(b) as solid black and red dotted curves. Residual uncompensated higher order spectral phase in figure 2(a) leads to the non-transform limited temporal shape. Still, the main peak carries 83% of the total pulse power and will be an excellent tool to study strong field processes like HHG, nonsequential double ionization, and above threshold ionization. Since full control over the electric field is desirable in attosecond science and in general for strong field phenomena, we confirmed passive CEP stabilization using an f-2f setup.
Finally, first results where the IR sub two cycle laser pulses are used for HHG will be reported. With argon as the gas media, we have obtained 160eV cut-off at an intensity of 1.4×10 14 W/cm 2 .
Conclusion
In conclusion, we report a simple experimental approach to generate CEP stabilized sub-millijoule 1.6 cycle laser pulses at 1.8 μm which was applied to extend the HHG cut-off. Future improvement to this laser source will be to include an additional parametric amplification stage to have multi-mJ Idler laser pulses for coupling into the HCF. This will be performed using the 100 Hz 100 mJ Ti-Sa laser system of the Advanced Laser Light Source (INRS-EMT). It will become the ideal IR laser source to extend attosecond pulse synthesis in the sub-keV spectral range.
